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ABSTRACT
This work investigates the preferred environment of local Luminous IR Galaxies
(LIRGs) in terms of the host halos that they inhabit, and in comparison to a control
galaxy sample. The LIRGs are drawn from the IRAS Point Source Catalogue redshift
survey (PSCz), while the control sample is drawn from the 2MASS redshift survey
(2MRS). A friends-of-friends algorithm was run on the 2MRS sample to identify
galaxies living in the same dark matter halos and the PSCz galaxies were then
associated with these identified halos. We show that the relative probability of finding
local LIRGs with respect to 2MASS galaxies is largest in approximately group size
halos (Mhalo ∼ 10
13M⊙), and declines both in the cluster regime and in smaller
halos. This confirms, using a different technique than in previous work, that local
LIRGs are indeed more abundant in group environments than elsewhere. We also
find a trend between the LIR values of LIRGs and their location within their host
dark matter halos, such that the average location of LIRGs with high IR luminosity
is closer to the halo centre than for low IR luminosity galaxies. Moreover, this trend
does not seem to depend on halo mass.
Key words: Infrared: galaxies - galaxies: star formation - galaxies: evolution - galax-
ies: haloes.
1 INTRODUCTION
The extreme cases of star formation (SF) in the Universe are
exhibited by classes of galaxies such as Luminous Infrared
Galaxies (LIRGs; defined as galaxies with IR luminosities of
1011L⊙ ≤ LIR ≤ 10
12L⊙) and Ultra-Luminous IR Galax-
ies (ULIRGs; 1012L⊙ ≤ LIR ≤ 10
13L⊙) and as a result, it
is impossible to discuss the phenomenon of extreme SF in
the Universe without the mention of LIRGs and ULIRGs.
These galaxies are good laboratories to attempt to under-
stand the nature and detailed mechanism of these exotic
forms of SF and they have been the focus of many stud-
ies (see e.g. Sanders & Mirabel 1996; Elbaz et al. 2011, and
references therein).
It has long been clear that very strong star forming
galaxies in the local Universe are related to mergers and in-
teractions (e.g. Tekola et al. 2012, and references therein).
Their IR output correlates with the level of their interac-
tion and merger stage, with low-LIR galaxies being often
associated with early stages of interactions while the high-
LIR ones, especially ULIRGs, are usually in later stages of
merging, or are merger remnants.
At higher redshifts the situation is less clear, how-
ever. Some observational studies show that high-z LIRGs
and ULIRGs are in fact forming stars in more modest and
quiescent fashions with minimal contribution from inter-
actions and mergers (Bell et al. 2005; Elbaz et al. 2007).
Herschel Space Observatory studies have revealed that lev-
els of SF which would be considered extreme locally orig-
inate in the ”Main Sequence” of spiral-like star forming
galaxies defined by a tight SFR-(M∗) trend in the high
redshift Universe (Elbaz et al. 2011; Rodighiero et al. 2011;
Noeske et al. 2007; Pannella et al. 2009; Karim et al. 2011).
This SF scenario is also supported by numerical simulations,
according to which steady accretion of cold gas is the driv-
ing mechanism for high SF rates, and consequently LIRGs
and ULIRGs at high redshift should be dominated by ex-
tended disky morphology and more quiescent form of SF
(Dekel et al. 2009; Keresˇ et al. 2005). On the other hand,
there are studies indicating that extreme SF at high-z is
not much different from the local Universe (Kartaltepe et al.
2011) in that a significant fraction of LIRGs and ULIRGs
experience a violent central starburst suggesting the impor-
tance of mergers and interactions to acquire their gas. These
studies further revealed that the LIR output of these classes
of galaxies at z ∼ 1 is tightly correlated with their morphol-
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ogy, like their local counterparts: the fraction of mergers and
interaction increases with LIR while the fraction of disk-like
objects declines with LIR.
From the discussion above, it is clear that galaxy in-
teraction and merger are some of the mechanisms driving
extreme form of star formation though the extent of their
influence as a function of cosmic time is arguable. This sends
a clear message that galaxy environment has a role to play in
the matter. Global environment is one form of environment
that has influence on extreme form of star formation (see
e.g. Tekola et al. 2012) and hence understanding the global
environment in detail can shed light on the mechanisms of
the extreme form of star formation in the local Universe
which, in turn, helps to construct a clear picture of its time
evolution.
The global environment of LIRGs is not generally much
investigated to date in stark contrast to studies conducted
on their immediate surroundings (within tens of Kpc) and
on their one-to-one interaction (Ellison et al. 2013, and ref-
erences therein). The few studies conducted so far were
based on number counts of galaxies to measure global en-
vironments of LIRGs, and they seem to agree that these
galaxies do not live in cluster environments. Tekola et al.
(2012) studied the Mpc scale global environment of LIRGs
and concluded that they preferentially live in group envi-
ronments and avoid cluster and field environments. Another
study by Tacconi et al. (2002) concluded that local LIRGs
and ULIRGs do not live in cluster environments. This work
attempts to further constrain the global environments of
LIRGs using a different approach. Instead of the traditional
galaxy count, we use the sizes of host dark matter halos as
a measure of global environments.
2 DATA AND METHODS
2.1 Galaxy samples
In this work, we have made use of volume-limited samples
extracted from two redshift surveys: the IRAS Point Source
redshift survey (PSCz; Saunders et al. 2000) and the 2MASS
redshift survey (2MRS; Huchra et al. 2012). Our main ob-
jective is to study the local environments of IR galaxies,
especially LIRGs, in terms of the size of the dark matter
halos that they are associated with. The IR-selected sample
from the IRAS PSCz catalogue is used as the target sample,
and is hereafter referred to as the target galaxy sample. The
K-band selected sample from the 2MRS was used to identify
groups based on the mass of their dark matter halo, and is
hereafter referred to as the density field sample. This 2MRS
sample was also used as a control galaxy sample to compare
with the target sample.
We constructed volume-limited samples from the 2MRS
survey in order to satisfy two requirements. First, the vol-
ume enclosed by the volume-limited sample redshift limit
must have a maximum number of 2MRS galaxies, and sec-
ond, when the same redshift limit is applied to the target
galaxy sample, the resulting volume-limited PSCz sample
must have a statistically reasonable number of LIRGs. Us-
ing these criteria, we selected a 2MRS volume-limited sam-
ple with z ≤ 0.024 and MK ≤ −23.8. In order to probe
down to lower halo masses, we also chose a second sample
Name Magnitude limit zmax No. of galaxies
V2M1 MK ≤ −23.4 0.02 5044
V2M2 MK ≤ −23.8 0.024 5457
Vp1 LIR ≥ 10.8 0.02 290
Vp2 LIR ≥ 10.8 0.024 565
Table 1. The volume-limited samples constructed from the
2MRS and PSCz surveys.
with z ≤ 0.02 and MK ≤ −23.4. Hereafter, these z ≤ 0.02
and 0.024 samples are referred to as V2M1 and V2M2 and
they contain 5044 and 5457 galaxies, respectively.
For both 2MRS volume-limited samples, we constructed
corresponding target galaxy volume-limited samples from
PSCz. The maximum redshift for each sample was fixed to
that of the corresponding density field 2MRS sample de-
scribed above. The choice of the minimum LIR limit for
these target galaxy samples was made in such a way as to
include the LIRGs of interest in the samples, while at the
same time ensuring that the PSCz and the 2MRS magnitude
limits are roughly similar. In order to do this, we obtained
K-band magnitudes for the PSCz galaxies by matching to
the full 2MASS survey, and then studied the resulting re-
lation between MK and LIR (see Fig. 1). A simple fit to
this data yields the relation log(LIR/L⊙) = −0.8MK − 7.9.
While there is obvious scatter in this relation due to dif-
ferent populations of galaxies in the sample, it is satis-
factory for the purpose of setting a statistical flux limit
for the sample; no physical parameters are derived from
the relation. According to this relation, our 2MRS sample
limit of MK = −23.4 corresponds to an IR luminosity of
log(LIR) = 10.8, which is safely higher than the PSCz com-
pleteness limit in these volumes and is close to the nominal
LIRG limit of log(LIR) = 11. Therefore, log(LIR) = 10.8
was chosen as the luminosity limit for both PSCz volume-
limited samples. This ensures that the K-band luminosities
of our target and control samples are roughly similar. We
have checked that the exact choice of the LIR limit within
the scatter range evident in the Figure 1 makes no difference
to the final results. The PSCz volume-limited samples are
hence characterized by the following redshift and LIR lim-
its: z ≤ 0.02 and log(LIR/L⊙) ≥ 10.8, and z ≤ 0.024 and
log(LIR/L⊙) ≥ 10.8. Hereafter, we refer to these samples
as VP1 and VP2 respectively. The magnitude and redshift
limits of all samples described above are summarized in Ta-
ble 1.
2.2 Constructing the group catalogue and
assigning halo mass
Groups from the two 2MRS volume-limited samples
were identified using the well-known Friends-of-Friends
(FoF ) group finding algorithm (see Huchra & Geller
1982; Geller & Huchra 1983). The algorithm is specifically
custom-designed by Berlind et al. (2006) so that it groups
together galaxies living in the same dark matter halo. Ta-
ble 2 shows the breakdown of the total number of identified
systems into isolated galaxies, pairs, and systems with more
than two galaxies.
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Figure 1. The relation between MK and LIR values of PSCz
galaxies. The MK values are estimated from matching the PSCz
galaxies to the 2MASS survey. The line represents the best fit,
and is used to decide the luminosity limit of the IRAS galaxiy
volume-limited samples.
Name Isolated pairs ≥ 3 galaxies
systems
V2M1 2291 882 1871
V2M2 2592 982 1883
Table 2. The distribution of the galaxy systems identified from
the galaxy density sample using the Friends-of-Friends algorithm.
The K-band group luminosity is computed for each of
the identified groups by summing up the K-band light of the
individual detected galaxies in the groups. The total K-band
absolute magnitude of a group is thus defined as
MKtotal = −2.5 log(
∑
i
10−0.4MKi ), (1)
where MKi are the K-band absolute magnitudes of the in-
dividual galaxies in a group. This group magnitude is not
equal to the actual total magnitude of the group because
the underlying 2MRS samples are only complete to a certain
absolute magnitude limit. We thus only use these computed
group magnitudes to determine the rank order of groups ac-
cording to K-band luminosity. We then assume a monotonic
relation between a group’s luminosity and the mass of its
underlying dark matter halo to assign rough virial masses
to our groups (see e.g. Quintero et al. 2005; Berlind et al.
2006; Tekola et al. 2012). Specifically, we match the mea-
sured space density of ranked groups to the theoretical space
density of dark matter halos that is predicted by the concor-
dance cosmological model (Warren et al. 2006). This tech-
nique is usually referred to as “abundance matching”. We
note that this method assumes no scatter in mass at a given
luminosity and the result is only meant to produce approx-
imate statistical values of halo mass.
The Right Ascension and Declination of the groups are
defined by the centroid of the group members, and the mean
redshift < z >g of the group is calculated from a simple
mean of all the individual members zi. Since groups of galax-
ies appear stretched in the line-of-sight direction due to ra-
dial peculiar velocities of member galaxies, we assume that
the identified groups have an approximate cylindrical geom-
etry with a radius equal to their virial radius (Rvir) given
by (Gunn & Gott 1972) and presented as
Rvir = (
(3/4)Mvir
200piρ¯
)1/3, (2)
where Mvir is the virial mass and ρ¯ is the mean density
of the Universe. The length of the cylinder is two times the
maximum rotational velocity of the halo, 2Vmax, where Vmax
is determined from the rotational velocity profile that relates
velocity and radius.
2.3 Correlating individual PSCz galaxies with
identified 2MRS groups
Since our ultimate goal in this work is to find out what type
of environment, or halo size, IRAS PSCz galaxies are prefer-
entially living in, we correlate the individual PSCz galaxies
with the 2MRS group catalogue in order to identify the host
halo for each target galaxy. We check whether a particular
PSCz galaxy belongs to a particular 2MRS group by calcu-
lating the distance of the galaxy from the group centre and
comparing to the group size.
Suppose a target IRAS galaxy in question has d‖ and d⊥
as the line-of-sight and perpendicular distances respectively
from the geometric centre of a particular group. d‖ is then
given by
d‖ = (c/Ho)|zi− < z >g |. (3)
For a small angle θ between the line of sight to the group
and the galaxy in question, d⊥ can be approximated to good
accuracy as
d⊥ ≈ (c/Ho) < z >g θ. (4)
Both distances are given in units of h−1Mpc. A galaxy is
considered to be part of a certain group if it lies inside the
cylinder defined by d‖ and d⊥ as its length and radius, re-
spectively. This in other words means that a galaxy belongs
to a certain group if d‖ ≤ Vmax/Ho and d⊥ ≤ Rvir. In cases
where a galaxy might lie in the cylinder of more than one
group, then the three-dimensional distance from each group
to the galaxy weighted by the Rvir and Vmax/H0 is calcu-
lated as
d =
√
(H0d‖/Vmax)2 + (d⊥/Rvir)2, (5)
and the galaxy finally belongs to the group with the smallest
value of d.
We repeat the exact same procedure replacing the PSCz
target sample with the 2MRS control sample. In other
words, we associate each 2MRS control galaxy with a group
using these cylindrical criteria. This may seem strange given
that 2MRS galaxies were already associated with groups
during the group-finding. However, the cylindrical linking
volume that we use for the target sample is not equal to the
effective volume resulting from the friends-of-friends algo-
rithm, and it is important to use the same exact criteria for
c© 0000 RAS, MNRAS 000, 000–000
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Figure 2. The binned probability distribution of dark matter halo mass corresponding to LIRGs (triangles) and 2MASS galaxies
(squares), as well as the ratio of these two probabilities (circles). The two panels show results for the two separate volume-limited
samples. Error bars are estimated assuming Poisson statistics.
the target and control samples so that they may be directly
compared.
3 RESULTS
3.1 Distribution of host halo masses
Now that we have assigned halo masses to both target and
control galaxy samples, we can study their halo environ-
ments. Note that we do not included cases of isolated IRAS
PSCz galaxy systems since no halo mass can be associated
to them. This will not change the trends observed in the
plotted range in any way, however. We estimate the proba-
bility distribution of halo masses for PSCz galaxies by taking
the ratio of the number of PSCz galaxies in halo mass bins
to the total number of PSCz galaxies. The result is shown
in red triangles in the two panels of Figure 2. The trends
indicate that the probabilities decline with the size of the
galaxy systems they are associated with. At the higher mass
end (cluster regime) the probability is much smaller than at
the lower mass end. We also estimate a similar probability
distribution for the 2MRS control samples in order to make
a comparison of the LIRG’s environment with that of the
general population of galaxies. These probability distribu-
tions are shown as black squares in the panels of Figure 2
and they exhibit similar trends as the LIRGs.
The declining probability with halo mass observed both
for the LIRGs and the 2MRS samples is simply a reflection
of the deficiency of high mass systems (such as clusters)
as compared to low mass systems (Press & Schechter 1974;
Bond et al. 1991). In order to eliminate this effect from the
result and also to make a comparison between the environ-
c© 0000 RAS, MNRAS 000, 000–000
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Figure 3. The distribution of the projected distances of LIRGs from the galaxy system centre in units of the virialized radius versus
their LIR. The red lines represent the binned values in LIR and the different markers represent the different halo mass bins. The data
in the both panels cover all IRAS galaxies in the volume limited target samples, i.e. they all have > 1010.8L⊙. The error bars with the
averaged points are estimated from Poisson statistics in a bin of log(LIR/L⊙) = 0.1 size.
ments of LIRGs and 2MASS galaxies, we take the ratio of
their probability distributions. The blue solid circles in both
panels of Figure 2 show the relative probability of finding
LIRGs in a given halo mass with respect to 2MRS control
sample galaxies. Error bars on all points are calculated as-
suming Poisson statistics. These results clearly show that
LIRGs do not simply trace 2MASS galaxies in their distri-
bution of host halo masses. Instead, LIRGs have a preference
for halos of intermediate (group size) masses, avoiding both
smaller (Milky Way size) and larger (cluster size) halos rel-
ative to normal 2MASS galaxies. This effect is fairly large,
with the fraction of LIRGs in group size systems being as
much as ∼ 70% larger than the fraction of 2MASS galaxies
in similar size systems. On the other hand, the fraction of
LIRGs in clusters or the field are as much as ∼ 50% lower
than that for normal galaxies.
The two panels of Figure 2 show that results for the two
volume-limited samples are slightly different despite the fact
that the LIRGs in both cases are the same galaxy types. If
halo finding and mass assignment were perfect then a halo
found using a fainter 2MRS sample would also be found with
the brighter sample (with fewer galaxies per halo) and they
would result in the same mass. The only difference would be
some lower mass halos in the fainter sample not being found
in the brighter sample, which is reflected by the increasing
lower-limit of halo masses going from the top to the bottom
panel in Figure 2. However, since the halos are found using
two different 2MRS samples, the differences seen at higher
masses must be caused by halo identification and mass as-
signment errors, and possibly also by real cosmic variance
since the volumes probed are somewhat different. Neverthe-
less, the basic trends remain the same in both samples and
are thus likely robust against such effects.
c© 0000 RAS, MNRAS 000, 000–000
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3.2 Distance from the centre of galaxy groups
In the previous section we discussed the sizes of halos that
LIRGs are associated with. However, it is known that the
SF properties of galaxy populations in general is also a func-
tion of where they are located within their halo environ-
ment, for example outskirts vs. central regions of clusters
(Go´mez et al. 2003; Lewis et al. 2002; Blanton & Berlind
2007). Galaxies at the outskirts of galaxy systems tend to
have more SF than galaxies falling towards the centre as a
result of various processes such as high fly-by interactions
(Moore et al. 1999; Sinha & Holley-Bockelmann 2012) and
ram-pressure stripping (Gunn & Gott 1972; Bower et al.
2002) that are effective in shutting off SF. In light of this, to
better understand the SF-environment relations, it is ben-
eficial to also identify where the LIRGs dwell inside their
respective halos.
We compute the projected distance (r⊥) of each LIRG
from the centre of the halo that it is associated with (re-
stricting the sample to halos more massive than 1013M⊙),
and then normalize by the halo virial radius (Rvir). Fig-
ure 3 shows these normalized radii versus the LIR values
of the individual galaxies. The different symbols correspond
to different halo mass ranges of the galaxy groups. The red
diamonds show the mean values of r⊥/Rvir after binning
along the LIR axis in a bin size of 0.1 dex. These average
points in Figure 3 reveal that there is a correlation between
the projected distance and LIR. Galaxies with high LIR, a
proxy for the SF rate, are found closer to the centres of their
host halos than lower luminosity galaxies. This average rela-
tion is calculated over all halo masses, but breaking it down
to smaller halo mass bins (the different symbols) does not
reveal any clear trend between the location of LIRGs within
their host halo and the host halo mass.
4 DISCUSSION AND CONCLUSION
In this work, we have characterized the local environment
of LIRG galaxies in terms of the virialized halo that they
inhabit, where halos were identified using a galaxy group
catalog. Specifically, we have focused on the masses of the
halos that host LIRGs, as well as their locations within
these halos. Based on the mass of the host dark matter
halo, the environment of galaxies can be roughly classified
into three traditional environmental classes: field, groups,
and clusters. Roughly speaking, a dark matter halo with
Mhalo ≤ 10
12.5M⊙ is classified as field; 10
12.5M⊙ ≤Mhalo ≤
1013.5M⊙ is classified as a group and Mhalo ≥ 10
13.5M⊙ is
classified as a cluster (Kauffmann et al. 2004). Adopting this
classification, we see from the results in Figure 2 that LIRGs
preferentially live in groups relative to normal 2MASS galax-
ies. Specifically, the fraction of LIRGs in groups is 30− 70%
higher than that of normal galaxies, while the fraction of
LIRGs in the field or in clusters is ∼ 50% lower than that of
normal galaxies. The significance of this result is limited by
the fairly large error bars that are due to the small size of
our LIRG sample. It is important to compile larger volume
samples of LIRGs in order to improve on the statistics of
this study.
The LIR range of the LIRGs that are found in associa-
tion with galaxy systems in both target galaxy samples is in
a relatively narrow range in between 1011L⊙ and 10
11.6L⊙.
Moreover, the number of galaxies is considerably smaller at
the higher LIR end of this range than at the lower end.
Hence, we cannot extend the results for the entire range
of LIRGs or into the ULIRG regime. In previous work us-
ing galaxy counts, we established a correlation between the
global environmental density and the LIR values spanning
both the LIRG and ULIRG regimes (Tekola et al. 2012). In
that work the LIRGs with lower LIR values corresponding
to those investigated in this paper turned out to also be
in the group regime. We thus confirm our earlier results by
establishing the preferred environment of local LIRGs us-
ing an independent technique and, moreover, defining the
environment in a physically meaningful way.
While it is clear that ULIRGs tend to be galaxy merg-
ers, or remnants thereof, the reason for the elevated SF of
LIRGs in particular has not been well established uniquely
since they obviously include apparently isolated galaxies in
addition to interacting galaxies, mergers and wide pairs.
Our results both in this work and in Tekola et al. (2012)
paint the picture where the larger scale environment of
LIRGs is something that sets them apart from normal galax-
ies. LIRGs preferentially live in group environments, and
they are under-abundant in cluster and field environments.
This preferred group size environment supports the hypoth-
esis that star formation in LIRGs is driven by interactions
and mergers, as is often observed in individual LIRG cases
(Sanders & Mirabel 1996; Hwang et al. 2010; Ellison et al.
2013), since groups are the environment where most galax-
ies interact in the present universe. In the field, the density of
galaxies is generally too low for mergers to occur, whereas
in massive clusters merger timescales are too long. An al-
ternative hypothesis perhaps supported by these findings is
that star formation in LIRGs is elevated due to larger scale
tidal fields of high-density environments (Tekola et al. 2012;
Martig & Bournaud 2008).
We have also investigated the locations of LIRGs within
their host halos and found a trend such that more luminous
LIRGs reside closer to the centres of their host halos than
galaxies with lower LIR. This is perhaps a further indica-
tion that galaxy interactions are responsible for high star
formation rates in LIRGs, since interactions are more likely
to occur near the halo centre. We do not however find any
correlation of this trend with halo mass, though this may be
due to the small size of our LIRG sample.
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